Abstract. More than 1350 women physicists from more than 70 countries responded to a survey designed to identify issues important to women in physics. Women physicists had many areas of concern, notably discrimination and career/family balance. However, they also had many successes in physics. The majority would choose physics again and felt that they had progressed in their careers at least as quickly as their colleagues. Many spoke eloquently about their love of physics, the support they had received from others, and about their own determination and hard work.
EARLY INFLUENCES
While rewarding, physics can be a difficult career for anyone, and may be particularly so for women. The importance of physicists' early experiences in forming their careers cannot be underestimated. For many, physics captured their attention early, and it was something that they could not give up. To find out which experiences piqued women's interest in physics, we asked them several questions about the early influences on their decision to choose physics. We found that about 60% of women first thought of choosing physics as a career during secondary school (Table 2 ). This emphasizes, on an international scale, the influence of teachers early in a student's career, where a good physics class often is the motivation for a subsequent career in physics. We also asked women to indicate what or who influenced their decision to choose physics. Respondents could choose more than one answer. About one-fourth said that their parents influenced them (Table 3 ), but 50% said that their teachers influenced them. This again underscores the importance of good science teaching during primary and secondary schooling. The most common answer however, was simply interest in the subject. In another question, many respondents reported a passion for physics that doubtless kept them going during difficult times.
UNDERGRADUATE STUDIES
Most respondents (88%) reported that their first undergraduate degree was in physics. Of those who did not obtain a physics undergraduate degree, the most common field was mathematics. A student's undergraduate experience is extremely important in forming a foundation for a career. An attentive professor or an engaging experiment can make all the difference in cementing a young physicist's interest in the subject. As Table 4 shows, most respondents reported that they had received positive attention from their physics professors while undergraduates. About one-third reported receiving attention that was neither positive nor negative, and less than 10% reported receiving negative attention or no attention at all. This suggests that positive attention from professors plays an important role in retaining women students. The surprising factor is the number of women who remained in physics despite receiving little support or attention from their professors. We also asked respondents to describe who or what had been most supportive of them during undergraduate school. Respondents could choose two from a list including: a spouse, other family members, professors or mentors, other students, and their "own determination, will power, and hard work." Most respondents chose one other person but also said they relied on their own determination and hard work (Table 5) . While the support of others is important for women physicists in this study, most said that their own hard work was essential to their success.
GRADUATE EDUCATION
While undergraduate education lays the foundation for physicists' careers, it is graduate education that has perhaps the most influence. 85% of the women responding to this survey reported that they have a graduate degree, and most of these have the PhD or its equivalent in their country. An equally large percentage, 86%, reported that their PhD or equivalent is in physics. Of those with other degrees, the most common field was astronomy.
The relationship with one's advisor has a profound influence not only on the graduate school experience, but also on the first few years after earning a degree. Graduate advisors can mentor (or not) their students through negotiating the first position after degree. Even after entering a career, former students may continue to collaborate with their advisors, ask them for career advice, and at the very least, for letters of recommendation. Since all these women are still "in physics," it is not surprising that most rated their relationship with their advisor as either "excellent" (37%) or "good" (41%, see Table 6 ). What is surprising is the number of women who reported poor relationships with their advisors, but still persisted in physics. This is testament, perhaps, to their own efforts, determination, and will power.
During graduate school, students often can get started on their research careers by writing research papers and giving talks. Most of our respondents had these experiences in graduate school (Table 7) , with the great majority giving talks or posters, and co-authoring papers. Half also said that they "wrote research papers on their own." Graduate school is difficult, and students often rely on others for support during this time. As in undergraduate school, women relied on at least one other person, but the majority also said that their "own determination, will power, and hard work" aided their success (Table 8) . This pattern is similar to women's undergraduate experiences, where many felt they needed to rely on their own strengths to make it through the trials of graduate school.
WOMEN'S CAREERS IN PHYSICS
Almost 30% of the respondents to this survey are currently full-time students. They have been excluded from the analysis of questions related to current employment, so that we can focus our attention on women who are working in physics, rather than those who are preparing for a career in it. Women working in physics face many challenges, but also enjoy many successes. This section covers resources available, reasons for taking a job in physics, and awards and prizes, as well as other issues related to careers in physics. Working in physics can be different for women from developed countries than for women in developing countries, and some of these differences are discussed here. Women working in developing countries may face many challenges that women in developed countries do not, but there are some situations that women in developed countries face that women from developing countries do not.
Taking a postdoc is an important step for many physicists, and may be more important in developed countries than in less developed countries. For example, 60% of the respondents from developed countries had worked as postdocs, but only 50% of respondents from developing countries had postdocs (Table 9 ). There may be less opportunity to take a postdoc in developing countries; however, many physicists in developing countries may take postdocs in other countries. In addition, women in developing countries are more likely than women in developed countries to have traveled to another country to conduct research, although doing so is very common for all the respondents to this questionnaire. Our results show that 68% of respondents from developing countries had traveled overseas to conduct research. On the other hand, 56% of women from developed countries had done so. Another difference between women in developed and developing countries is that women in developed countries are more likely to report a period of unemployment lasting six months or more, although the percentage reporting this is relatively low in both types of countries ( Table 9 ). The reasons for this period of unemployment are unknown, but it could be that women in developed countries are more likely to take extended time off to care for children or other family members. In the open-ended questions, it was usually women from developed countries who complained about the difficulty of finding jobs, like this physicist from Spain:
Difficult to get a job, [e]specially in my home place. ~Spain
The reasons that the women in this study gave for taking their current job are shown in Table 10 . The most frequently mentioned reason for choosing a particular employer is location of the job, with about three-fourths of respondents stating that this was one of the main reasons they took their current job. Unfortunately, the survey did not probe further, so we cannot give more detail about which characteristics of the location attracted them. More than half chose collaboration, research facilities, employer's reputation, and family as reasons for taking their current job. Less than half chose promotion opportunities and research funding. The least frequently mentioned reason was pay, at less than 40% of respondents. Although physicists can be well compensated, especially in developed countries, pay is not the primary reason women physicists are working for their current employers.
Women in physics work in all types of positions, including academia, private industry, and government, and for other types of employers. There are different reasons for taking jobs with each type of employer, as well as differences in the opportunities encountered in the course of a career. The respondents in our study are more likely to be working in academia than in other sectors of the economy (Table 11 ). About two-thirds work in academia, and another 15% work in government positions. The remainder work in industry or in other types of positions. The women in this study who work at academic jobs often took those jobs for different reasons than women who work outside of academia (Table 12 ). As expected, more women in non-academic jobs said that they took those jobs because of the pay, although not a majority said this. On the other hand, more women who took academic jobs said they took them because of the funding.
More women who took academic jobs said they did so because of family reasons, whereas fewer women in non-academic jobs said this was a reason for taking employment. It is difficult for us to know what about their family situations caused these women to choose academia. Some may have done so to be closer to a spouse or partner. Others may have chosen academia because they perceived it to be more adaptable to the schedule of a family. In some of the verbatim responses, women mentioned that they found academic jobs to be more flexible, allowing them to choose the hours that they work.
Needed to work flexibly, at a time when there were no formal opportunities-but academia makes this relatively easy. ~United Kingdom
There are other differences between women in academic and non-academic jobs. Women in academic jobs are more likely to have served on committees, both at their institution and externally (Table 13) . Women in academia are more likely to state that they have been referees for research papers, served as editors of journals, and given invited talks at conferences. Finally, women in academia are more likely to say that they have received international or national fellowships, prizes, or awards. It seems that women working in academia may have more opportunity to make the connections that are needed for such prizes through their committee service, service to journals, and by presenting their work at scientific conferences.
As might be expected, women in developed countries have more access to resources than women in developing countries (Table 14) . Women from developing countries were more likely to say that they do not have adequate funding for research, office space, lab space, equipment, travel money, and clerical support. In fact, on every As during graduate and undergraduate schooling, women physicists rely on others to support them. Almost all listed at least one other person as being most supportive of them during the early years of their careers (Table 15) . However, most continue to rely not only on others, but also on their own determination, will power, and hard work.
One concern voiced by many women physicists is a sense of isolation. As a woman in a field of men, women physicists often feel out of place. Being able to discuss various issues with coworkers of either sex can help mediate this sense of isolation. We asked women physicists to indicate with how many co-workers they discuss various issues. While most women discuss their research with at least one other co-worker, the less directly related the issue is to research, the fewer women there are who will discuss it with a co-worker (Table 16 ). For example, 21% never discuss their personal lives with a co-worker, one-fourth never discuss the situation of women in science, and 29% never discuss their family obligations. Not surprisingly, 36% never discussed their salary with a co-worker.
OPINIONS ABOUT PHYSICS
According to the women respondents to this survey, perhaps nothing is so rewarding, yet so challenging, as a career in physics. Although the women who answered this survey overwhelmingly said they would choose physics again (86%), a majority (71%) also reported being discouraged by physics. Women listed many reasons for choosing physics again, but the most commonly given answer was that physics is something that they find a great deal of enjoyment in.
I feel that physics chose me, not the other way around. I was born a physicist. ~Netherlands Physics is to me what art is to the artist… it is my passion. ~United States Physics is in my mind and blood. ~Egypt
It is just such a pleasure to be able to work in order to understand nature. ~Portugal Even women who said that they would choose physics again joined women who would not make the same choice in lamenting certain aspects of the field. They focused on three problem areas: the difficulty of finding employment, discrimination within the field, and the heavy workload. Similarly, the majority of responding women physicists reported being discouraged at one time or another, and gave many different reasons for this feeling. Table 17 shows the various reasons women gave for being discouraged. More than half reported being discouraged because of interaction with their colleagues and because of funding. Frustration with these two areas is reflected in the verbatim comments of the respondents. When asked to comment on reasons they felt discouraged, responding women physicists focused on two areas: lack of funding and perceived discrimination on the part of men. Below are comments from women who felt discouraged by discrimination and negative attitudes: One source of discouragement that was mentioned by many women, but not included on our checklist in Table  17 , was a feeling that they did not belong in physics-that they are "imposters" in the field.
It both fascinates and astonishes me. ~United Kingdom

Sexism is still important in experimental fundamental
I've just felt pretty stupid, although I'm quite sure I'm not. I also feel that what I'm doing isn't really important. ~United Kingdom These days I often feel that I am not cut out for the high-power working required in academia … or anywhere else for that matter. …Basically, I do not feel that I am a professional person and there is obviously not room for that. ~Netherlands Sometimes I feel I don't know anything, that I am totally lost. I feel I am a fraud in physics and that everyone else is better than me. ~Brazil I feel that (like many women) I have low self-confidence and often have felt that I am not good enough to be working in physics. This is still a problem even today, though when I think about it calmly I think I am as good as many of my colleagues, and better than some of them. ~India The main reason [I've felt discouraged] is so often you are just made to feel like you shouldn't be there. You have to work twice as hard, do twice as much just to be considered half as qualified. ~Australia I often felt [I was in] totally the wrong place, at different situations: comparing myself with really good people, trying to tell [others] about what I am doing in my private environment. ~Germany Despite all evidence to the contrary (degrees and jobs from top institutions, fellowships, etc.), I never feel as qualified as it's clear most of my male colleagues feel. …Although I have never felt overt discrimination, the constancy of the male-dominated, aggressive environment wears on me. ~United States
Obviously, women with such close ties to the field have strong opinions about how to correct the flaws they see in it. In fact, almost all (91%) of the respondents felt that the situation for women in physics in their countries needs improvement. The percentages of women who felt that specific improvements could be made are listed in Table 18 . Of the reasons that we provided for them, the majority of respondents agreed with each. Both respondents with children and those without agreed that several situations related to child care need improvement. More than half of the respondents said that daycare should be made more affordable, that availability of daycare should be improved, and that child care should be shared more equally between parents. Sixty-five percent of women with children agreed that travel should be easier for women with young children, but a smaller percentage (53%) of women without children agreed with this. This difference highlights the fact that those without first-hand experience, including many male scientists, may not realize the difficulty women caring for young children face when they need to travel for research or to a meeting or conference. Travel means making longer term care arrangements for children, and these arrangements are particularly difficult for mothers of infants.
Although women agreed that child care issues need improvement, they are more likely to say that negative attitudes about women need remediation. In fact, 80% of respondents agreed that societal attitudes about women in science need to be changed. Respondents also wrote in other ideas that we had not included in our checklist. The top three "other" suggestions for improving the situation of women in 
MARRIAGE AND CAREER
Marriage can change things a great deal for women scientists, and physicists are no exception. Sixty percent of the respondents are married, although more of the respondents from developing countries are married (67% in developing countries, compared with 58% in developed countries). Respondents from developing countries also married earlier in their careers than respondents from developed countries. In developed countries, 43% reported marrying for the first time after completing their final degree, whereas 80% of respondents from developing countries married for the first time while they were still students.
Two-thirds of all respondents said that their marriage affected their work. When asked if the effect was positive or negative, the responses were different for respondents in developed countries than for those in developing countries. Women in developed countries were much more likely to say that the effect of their marriage was positive (72%) than women from developing countries (58%). Women who felt that marriage positively affected their work mentioned repeatedly how supportive their husbands had been of their work. Many mentioned that they had married other scientists, particularly other physicists. Here are examples of how the women described the support of their husbands and partners: 
CHILDREN, FAMILY, AND CAREER
The effect of children on a woman's career is perhaps stronger even than the effect of marriage. Several studies in the United States have documented these effects for mothers [3, 4] and women physicists with children are no exception. Forty-three percent of the respondents to this study have children, but among women older than 45, 79% have children. Many women physicists stated that they had decided not to have children:
We made the decision not to have children because [it is] not compatible with a career. ~Belgium
Women over 45 from developing countries are more likely (86%) to have children than women from developed countries, 73% of whom have children. Women in developed countries also tend to have their children at a later stage than women from developing countries. Two-thirds of women from developed countries had their first child after they received their final degree, but 69% of women from developing countries had their first child while they were students (Table 19 ). Not surprisingly, almost all respondents said that having children affected their work, and the percentage is higher for women in developed countries. Ninety-one percent of respondents from developed countries report that children affected their work, compared with 84% in developing countries. The reason for this difference is unclear, but could be related to the ability of women in developing countries to more easily rely on family members or to economically arrange for someone else to care for their children. In fact, women from developed countries were more likely than women from developing countries to say that daycare costs should be improved (58% in developed countries compared with 51% in developing countries). As one Brazilian woman put it: "I think that in my country, the main problem for women in science is not the family. We have maids. " Women who felt that children affected their work went on to describe these effects. Many spoke of the negative effects, including greater responsibilities at home that ultimately affected their productivity at work. Several also mentioned the perception that they were less committed to their work because they had children. Children can affect the pace of women physicists' careers. We asked respondents how quickly they thought their careers had progressed compared with their colleagues. The majority said that their careers had progressed at the same pace as or more quickly than their colleagues' careers. However, more women with children said that their careers progressed more slowly (37%) than women without children (29%, see Table 20 ). This further illustrates the sometimes negative effects that children can have on women's careers.
Having children very dramatically breaks any
However, women physicists also mentioned positive aspects of having children. Many said that having children made them more efficient and focused at work.
I had less time; therefore I became more efficient. ~Slovenia
Some mentioned both the positive and negative aspects of having children. Not only do some women physicists feel acutely the effects of children on their work, many are also responsible for the care of relatives other than children. In fact, 20% of the respondents to this study said that they were primarily responsible for the care of others. We did not ask respondents to elaborate on the effects of such responsibility on their work, but clearly this issue could be further explored in subsequent studies.
CONCLUSION
The more than 1350 women respondents to this questionnaire came from more than 70 countries, yet have many things in common. Most spoke passionately about their love of physics. While most spoke of family, friends, teachers, mentors, and colleagues as contributing a great deal to their successes, a significant number felt that their success was due also to their own persistence, determination, and hard work.
In spite of the similarities, issues are not the same for women physicists in developing countries as they are in developed countries. Women in developing countries spoke repeatedly of a lack of basic resources (funding, office space, lab space, equipment, travel money, and clerical support). Women in developed countries also found these issues (particularly funding) challenging, but the percentages who said they do not have enough resources for research are higher in the developing countries.
In the first survey of international women in physics [2] , women spoke frequently of the effects of children and child care problems on their careers. Therefore, the questionnaire for this study included several items about these issues. In their concluding comments, however, women respondents to the second survey pointed out that child care is not an issue only for women in physics, but is a general issue for all working women. Some pointed out that men also feel the constraints that a career in physics puts on the family. Instead of focusing on child care issues, these women felt that attention should be paid to the problems they felt were more specific to physics: discrimination and negative attitudes about women in science. Many continued to point out other issues that need attention. In the discussion on women in physics, the discussion has focused on the problems. These are important and should be discussed. But I worry that women who might think of physics as a career are being discouraged by hearing only the negative side. I think physics is a great career for women to consider and I would like to see the positive aspects discussed also. Yes, there are struggles, but there are also wonderful aspects-let's not ignore these! ~United States Among the more "wonderful aspects" are the passion many women feel for physics and the support of others who encourage them. Many respondents spoke quite fondly of men in their lives, especially their husbands, whom many felt were their biggest supporters. And in spite of the challenges faced by mothers, many women felt proud that they could provide good role models for their children. As this physicist from Russia stated, "I wanted to be a well-educated woman for my daughter [s] 
